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THE HASSES AND PULSATIONSOF BL HERCULISVARIABLES

S. W. Hodson and A. N. Cox
Theoretical qivision, Los Alamos National Laboratory
University of California, Los Alamos, NM 87545

D. S. King
Department of Phjsics & Astronomy
The University of New Hexico
Albuquerque, NH 87131

1. lNTRODUCTIOF

The BL Herculis vari?’.les are primar:ly Population 11 stars found
in galactic halo globular clusters, dwarf spheroidal galaxies, and the
small Ilagelianic cloud. This class of variables pulsate> in the radial
fundamental mode at periods tetween 1 and 3 days with a few as lonR as
8 days.
(AHB) or
Virginis
plied by

BL

Their evolu~ion places ‘hem on the ab;ve horizontal branc;
asymptotic giant branch (AGD) between the RR Lyrae and the W
variables. There central He is ●xhausted and energy is sup-
both Hc and H buruin~ shells (Gingold, 1976).

Herculis stars are of particular interest because they fre-
quently exhibit llght curve bumps on their rising or falling branch
similar to those seen in the more ❑assive, met~l richer cla~sical
Cegheids. Thesedbumps, abserved to switch from descending t~ ascending
light between 1.5 and 1.7, can bc interpi.eted by the Simon and Schmidt
(1976) hypothesis as a near resonance of the second overtone (11 ) and
the fundamental (110) pulsation m:dcs when the linear the~ry 1’12/~ N 0.5
t 0.03. Based on nonlinear calculations for Cephcids by Stoble ?19694 J),
this h~ot},esis predicts bumps before maximum light for 112/110 c 0.5,
and after maximum light for 112/110 > 0.50.

A linear nonadiabatic pulsation study hy Kin~, Cox, and Hodson
(KCN)(1981) for 0.55 and 0,75 He , King Ia composition (X = O 7, Z =
0,001), is Riven 011 the Hertzsprung-l?usst!l diagram shown in Figure 1.
‘fhc dashed lines of constant 11 /n show that in order for II /fl = 0.5

holine to be near the obs~rvcd b p phase transition period o? 1°7, thu

masses of BL Her variables must bc less than 0.55 Ii . At masses
greate~ than 0.55 H

?
lines of constant 112/% shift ?O periods longer

than 1,7. Also, be ause t.hc line of mnstant 11 /n = 0.5 At 0.55 HGis

‘ot a line Of Conata%period’ ‘ewOuldex~)@ct 70*pmamuch1ar~cr
period rang~ ~f ld7-3.0 for this bump phase transiti~,l than the ol)serv-
ed ran8e of 1.5-1.7.
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II. NONLINEARRESULTS

Theoretical light and v~ 1 a:ity curves for 23 full amplltmde~ One

space dimension models were constructed with the population I] compo-
sition King Ia as described by Hodson, Cox, and King (1982). These
models are given by capital letters A through Z in Figure 2 together
with the !inear theory results for 0.5S H@given in Figure 1. The
alphabetic order indicates increasin8 length of the nonlinear JIO, and
is preser-:ed in subsequent figures.

Fi8ure 3 gives the theoretical radial velocity over four funda-
mental mode periods for model F for each of the 50 Lagran8ian mass zones
in the star, with the scale progressively ampiified for deeper layers.
Figure 4 shows the bump phase versus nonlinear fundamental mode period
obtained by measurin8 the phase before or after maximum light that the
bump occurs on plots of li8ht and velocity as shown in Fi8#re 3. This
nonlinear result 8ivcs the li8ht curve bump transition ~ 1.8 in good
agreement with observation.

III. THE FOIP(IER DECOMPOSITION

He obtained a better measu;e of the resonance phenomenon by con-
sidering the general shape of the surface Lheoretica! li8ht and velocity
curves. Fourier decomposition into a principal frequency and n-1
harmonics given by

n

‘ho] ‘ v
‘ ‘o ‘ijl Ai”cos(iuK-UJi)rad (1)

wtis done similar to the study of Simon and LPC (1979). For the classi-
cal Cephei4s, Simo[] and Lee (19”19), and Simon, Lee, and Teays (19HO),
found sharp $hanges

‘n 4’2~
= 02-201 and A = A /A2 VS the ohserved

period at 10 . This ~crl d is also the b?~p ph!se Lransitior} period
for these stars. For the BL Her s~ars, WU plot 02, VS. 110 in Figulr 5
fo:,the rJdlal w]ocitv. The resonanc:dexhihits i{sclf as a sharp
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minimum at 1?7, whereas for the light curve 0
?]

(Figure 6), we get a
maximum at the resonance. The 0 ~

$
and n cor elation for light is riot

as good as for velocity, possibl becausg the luminosity may not alwaj’s
be well defined at every point in the cycle.

In F:gure 7 the same UI is plotted against the linear 11 /11 .
Tht resonance centers ar~und 2A In E 0.52, not 0.50 as expecte 4 f~om
the resonance hypothesis. ~o~$ve: = 0.53 isdconsistenL

‘ a 1inear”2/n?if t}.c I.nuup phase transition occurs at periods be ween 1.S-1.7 (see
Figule 2).

] f ‘he ‘onlinear yno ‘ obtained from the periodic full
amplitude solut~on, 1s used, t en the resonance centers at 0.S0 < 112/110
< 0.S1 also shown in Figure 7. This is in closer agreement with the
resonance hypothesis. This shift in the resonance occurs because the
nonlinear II /fI is smaller, by as much as 0.012, than the linear countcr-

t“ 0part for ra :OS from 0.49-0.52. In addition, the pulsatiollally stable
n. becomes substantially less stable in the full amplitude solution
ai$ the nonlinear n2/T_Io = 0,50 is approached, as Simon (1977j suggested
when a natural oscillator frequency (11 ) becomes a forced oscillator
ariven by a harmonic (first harmonic) gf Tlo.

‘“~ ~—————l
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Another significant effect at the resonance cent
crease in the timplitudc ratio A2/A1

~r is a sh;lrp ir,-
lor the light ●t 1.7 as shown in

Figurd 8. This increase is app~rent up to the A /A ratio and in thr
tot:f light amplitude, a!indicating that the light cu,ves become morr
skc-wud at higher amplitudes. For ihc radial vt’locity, A2/A1 drcrrilst’~



at 1?7 as ~iven in Figure 9. There is no significant correlation for
higher ratios, however.
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IV. CONCLUSIONS

From line~r results, the masses of BL Her variables mLst be
nearer to 0.55 IIe than 0.75 H@ if the bump phase transition (~eso~ance)
is to be located anphere near the obserwd period range of 1.5-1.7.
The nonlinear results are consistent with the Simon resonance concept,
but demonstrate that Light and velocity curve shapes ● re a uonlinear
phenomenon that require nonlinear period ratio
nances only in the narrow

~ toddisplay the reso-
, observed range of 1.5-1.7. The mass near

0.55 He is in good agreement with evolution calculations (Sweigart and
Gross, 1976) ●nd nonlinear pulsation studies of Carson, Stothers, and
Vemury (1981) an+ Stothers (1981). Our recent ●fforts to Fourier
analyze BL Her star observational data collected by Petersen have been
uusuccesGful due to poor phase covera8e of available data.
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